Kinetic model for the irreversible oxidation of CH 4 , CH 3 OH, and CH 3 P (a protected form of methanol, e.g. CH 3 OH 2 + or CH 3 OSO 3 H) in a batch process with constant acidity and the methane pressure P CH4 held constant:
This model ignores changes in rates and the protection equilibrium constant which result from the increase in pH as the reaction proceeds.
Estimating kinetic parameters:
Values of k 1 P CH4 and k ox describing the Catalytica system are estimated (using a different kinetic model acknowledging the decay of methane pressure) as follows from the observations reported in Science, v280 p560 1998: "The reaction of methane (3400 kPa, 115mmol) with 80 ml of 102% H 2 SO 4 containing a 50 mM concentration of ((bpym)PtCl 2 ) at 220°C for 2.5 hours resulted in ~90% methane conversion and the formation of ~1 M solutions of methyl bisulfate at 81% selectivity." Since the absolute rates are fit to the one measurement of conversion and selectivity, this does not represent a detailed kinetic parameterization but allows values to be estimated to one significant figure.
Assuming 1 st order decay of the methane pressure, and 90% conversion after 9000s: Or equivalently, in terms of molarity of product generated:
(1-exp(-kt))
where M prod 0 = .115moles/.08L = 1.4M represents the concentration of product if all methane became product with 100% selectivity (essentially this converts units from atmospheres-methane-per-second to molarity-product-per-second.) We estimate k 1 P CH4 (in molarity-product-per-second), appropriate for 34 atm methane and 0.08L of 50mM catalyst, from the initial rate at 34 atm methane: The aggregate rate of oxidation k ox is estimated from the reported selectivity. Assuming the rate of CO2 generated per liter solution is proportional to the product concentration [prod] and that product concentration increases exponentially as above (neglecting the slow oxidation of product to CO2), ]. We take these values of k 1 P CH4 and k ox to be appropriate for 100% H 2 SO 4 .
To estimate k 2 and k 3 separately, we first take K P from the calculated free energy of -, the bisulfate and hydronium products of the esterification equilibrium are 2.2 kcal/mol more stable in 100% H 2 SO 4 than in 99%. ∆G| 100% is then -16.4 kcal/mol, or K P = 2E7.
Assuming that methane oxidation is proton-catalyzed, we also used this change in proton chemical potential with acid concentration to correct k 1 P CH4 for 99% H 2 SO 4 . With a free energy barrier 2.2 kcal/mol higher in 99% H 2 SO 4 , this rate would (by transition state theory) decrease to k 1 P CH4 = 3.5E-5[M•s -1 ].
The ratio of the rate of oxidation of CH 3 OH to that of CH 3 OSO 3 H is k 2 /k 3 . This ratio is calculated based on the activation free energies given in Figure 2 for CH 3 OSO 3 H (41.5 kcal/mol) and in Figure 3 for CH 3 OH (27.2 kcal/mol). Since k 2 = k 3 x2E6 , K P = 2E7 and k ox = k 2 /(1+K P ) + k 3 K P /(1+K P ) = 3.3E-5, k 2 = 60 [s In summary, the curves in Figure 4 employ the following constants: 
